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(57) ABSTRACT

This watching system is provided with: a watching detection
device that is provided with a cartilage conduction vibration
source, a mastication sensor, and a bone conduction micro-
phone and that is configured to be mounted on an ear such
that the entry of the ear canal is opened; and a mobile phone
or an in-home monitoring unit that receives watching detec-
tion signals from the mastication sensor and the bone
conduction microphone by means of short-range communi-
cation and issues a notification to the outside. The watching
detection device has an air conduction microphone and also
functions as a hearing aid. When detection signals cannot be
received from the mastication sensor or the bone conduction
microphone for a predetermined time period, a notification
is issued. The mobile phone and the in-home monitoring unit
crosscheck watching detection information. The mobile
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phone also issues a notification of information indicating
that there is no abnormality.

9 Claims, 8 Drawing Sheets
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WATCHING SYSTEM, WATCHING
DETECTION DEVICE, AND WATCHING
NOTIFICATION DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application is a continuation of U.S. application Ser.
No. 15/500,575, now U.S. Pat. No. 10,013,862.

TECHNICAL FIELD

The present invention relates to a watching system, a
watching detection device, and a watching notification
device.

BACKGROUND ART

As for a watching system, Patent Literature 1 listed below
proposes receiving data of detection both from a human
detection sensor installed in a home of a person as a target
to be watched and from an acceleration sensor that the
resident wears, to make judgments on activities and condi-
tions of the resident and events occurring in the home. On
the other hand, Patent Literature 2 listed below proposes a
mastication movement detection device in which the number
of mastication movements is counted based on a detected
waveform received from a detector that is placed in an
external auditory canal and detects an amount of deforma-
tion of the external auditory canal. Also, as for cartilage
conduction, which has been discovered as a third conduction
route in addition to the long-known air conduction and bone
conduction, Patent Literature listed below describes that
vibration generated by a vibration source contacting an ear
cartilage around the entrance part of an external auditory
canal causes air-conducted sound to be generated from a
cartilage surface inside the external auditory canal, and the
generated air-conducted sound then proceeds through the
inside of the external auditory canal to reach an tympanic
membrane.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Application Publica-
tion No. 2014-89494

Patent Literature 2: Japanese Patent Application Publica-
tion No. 2011-10791

Patent Literature 3: Japanese Patent Application Publica-
tion No. 2013-81047

SUMMARY OF INVENTION
Technical Problem

However, there are many problems that require further
consideration regarding watching systems, watching detec-
tion devices, and watching notification devices.

In view of the above background, an object of the present
invention is to provide an effective watching system, watch-
ing detection device, and watching notification device.

Solution to Problem

A watching detection device disclosed herein includes a
cartilage conduction vibration source and a watching detec-
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2

tion sensor, and is mountable to an ear without closing an
entrance of an external auditory canal (a first configuration).

Here, the watching detection device having the first
configuration may further include an air conduction micro-
phone, and function as a hearing aid by vibrating the
cartilage conduction vibration source in accordance with a
voice signal picked up by the air conduction microphone (a
second configuration).

The watching detection device having the first configu-
ration may further include a short-range communication unit
capable of communicating with a watching notification
device, and makes the cartilage conduction vibration source
vibrate in accordance with a voice signal received from the
watching notification device via the short-range communi-
cation unit (a third configuration).

In the watching detection device having the first configu-
ration, the watching detection sensor may be a masticatory
movement sensor (a fourth configuration). In the watching
detection device having the fourth configuration, the mas-
ticatory movement sensor may serve also as the cartilage
conduction vibration source (a fifth configuration).

In the watching detection device having the first configu-
ration, the watching detection sensor may be a voice sensor
(a sixth configuration). In the watching detection device
having the sixth configuration, the voice sensor may be a
bone conduction microphone (a seventh configuration). In
the watching detection device having the seventh configu-
ration, the bone conduction microphone may serve also as
the cartilage conduction vibration source (an eighth con-
figuration). The watching detection device having the sev-
enth configuration may further include an air conduction
microphone for a hearing-aid function, and the air conduc-
tion microphone may be turned off when the bone conduc-
tion microphone is used (a ninth configuration).

A watching system disclosed herein includes the watching
detection device having the first configuration and a watch-
ing notification device that receives watching information
from the watching detection sensor via short-range commu-
nication with the watching detection device (a tenth con-
figuration).

In the watching system having the tenth configuration, the
watching detection sensor may be a voice sensor, the watch-
ing notification device may issue a notification of whether a
voice signal picked up by the voice sensor is present,
without issuing any notification of contents of the voice
signal (an eleventh configuration). In the watching system
having the eleventh configuration, the watching notification
device may make a judgment on urgency of the voice signal
picked up by the voice sensor and issue a notification of the
contents of the voice signal exceptionally when the urgency
is high (a twelfth configuration).

In the watching system having the tenth configuration, the
watching notification device may issue a notification when
it has been impossible to receive a detection signal from the
watching detection sensor for a predetermined period of
time (a thirteenth configuration). In the watching system
having the tenth configuration, the watching notification
device may include a plurality of watching notification
devices that each receive watching information from a same
watching detection device, and the plurality of watching
notification devices exchange with each other the watching
information received (a fourteenth configuration). In the
watching system having the tenth configuration, the watch-
ing notification device may be a mobile phone, and a voice
signal of a call partner received by the mobile phone may be
transmitted to the watching detection device via short-range
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communication to vibrate the cartilage conduction vibration
source (a fifteenth configuration).

A watching system disclosed herein includes a watching
detection device and a plurality of watching notification
devices that each receive watching information from the
watching detection device via short-range communication
with the watching detection device, and the plurality of
watching notification devices exchange with each other the
watching information received (a sixteenth configuration).

In the watching system having the sixteenth configura-
tion, the plurality of watching notification devices issue
different notifications based on the watching information (a
seventeenth configuration). In the watching system having
the sixteenth configuration, the plurality of watching noti-
fication devices include a mobile phone and a notification
device placed in a home (an eighteenth configuration).

A watching notification device disclosed herein includes
an acquisition unit which acquires watching information
from a voice sensor and a notification unit which issues a
notification of whether a voice signal acquired by the
acquisition unit is present, without issuing any notification
of contents of the voice signal (a nineteenth configuration).

In the watching detection device having the nineteenth
configuration, the notification unit may make a judgment on
urgency of the voice signal acquired by the acquisition unit
and issue a notification of the contents of the voice signal
exceptionally when the urgency is high (a twentieth con-
figuration).

Advantageous Effects of Invention

As described above, according to the present invention, an
effective watching system, watching detection device, and
watching notification device are provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a system configuration of
a first embodiment of the present invention (first embodi-
ment);

FIG. 2 is a block diagram illustrating a detailed configu-
ration of the first embodiment described in FIG. 1;

FIG. 3 is a sectional view of an ear for describing cartilage
conduction;

FIG. 4 is a graph illustrating an example of measured data
which shows an effect of the cartilage conduction;

FIG. 5 is a flowchart illustrating a function of an ear-
mounted unit in the first embodiment;

FIG. 6 is a flowchart illustrating a function of a mobile
phone in the first embodiment;

FIG. 7 is a flowchart illustrating a function of an in-home
monitoring unit in the first embodiment; and

FIG. 8 is a diagram illustrating a system configuration of
a second embodiment of the present invention (second
embodiment).

DESCRIPTION OF EMBODIMENTS
First Embodiment

FIG. 1 is a diagram illustrating a system configuration of
a first embodiment according to an aspect of the present
invention. According to the first embodiment, a watching
system that performs watching inside a home 2 includes an
ear-mounted unit 6 (indicated by a short-dashed line for
distinction from a structure of an ear), which contacts a
cartilage around a hole of an ear 4 of a watching-target
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person by being sandwiched between an antihelix and a
tragus to fit in a cavum conchae, an in-home monitoring unit
8, and a mobile phone 10 of the watching-target person. The
in-home monitoring unit 8 and the mobile phone 10
exchange information with the ear-mounted unit 6 via short-
range communication. The mobile phone 10 exchanges
information with the ear-mounted unit 6 and the in-house
monitor unit 8 via short-range communication.

The ear-mounted unit 6 functions as a headset for the
mobile phone 10 by performing the short-range communi-
cation with the mobile phone 10, and allows a phone call to
be made with the mobile phone 10 kept in a clothes pocket.
The ear-mounted unit 6 also independently functions as a
hearing aid. These functions as a headset and as a hearing aid
are both achieved by making use of cartilage conduction,
which will be described later. The ear-mounted unit 6 further
includes a mastication sensor to detect movement of the
tragus, etc., or deformation of the external auditory canal,
caused by masticatory movement. Here, the ear-mounted
unit 6 is ring-shaped with a hole 64, so that the entrance of
the external auditory canal is open even when the ecar-
mounted unit 6 is fitted in the external auditory canal. This
makes it possible to hear external sound via the hole 6a, and
contributes to a comfortable wear of the ear-mounted unit 6
without a feeling of blockage in the external auditory canal.
Further, by closing the hole 6a with a finger or covering it
with a palm as necessary as will be described later, it is
possible to obtain an occlusion effect in the cartilage con-
duction to hear a larger sound.

The in-home monitor unit 8 has a short-range communi-
cation unit 12 for short-range communication with the
ear-mounted unit 6 and the mobile phone 10, and a digital
communication unit 14 which performs always-on-connec-
tion Internet communication with an external device. A
control unit 16 controls the entire in-home monitoring unit
8, which includes the short-range communication unit 12
and the digital communication unit 14. A storage unit 18
stores therein a program necessary for the control performed
by the control unit 16, and also temporarily stores therein
various pieces of data related to the control, etc.

With this configuration, the in-home monitoring unit 8
receives a result of detection of masticatory movement from
the ear-mounted unit 6 via the short-range communication.
If no masticatory movement expected in daily life has been
detected, the in-home monitor unit 8 judges that there is a
possibility of an abnormality, and notifies a watching-ser-
vice provider to that effect via the digital communication
unit 14. Further, the in-home monitoring unit 8 receives
information regarding presence/absence of voice of the
watching-target person detected by the headset function of
the ear-mounted unit 6. In a case where there is no voice
detected within a predetermined period of time, or in a case
where a voice signal conveying urgency, such as a scream,
has been detected, the in-home monitoring unit 8 judges that
there is a possibility of an abnormality, and notifies a
watching-service provider to that effect via the digital com-
munication unit 14.

Further, the mobile phone 10 receives a result of detection
of masticatory movement from the ear-mounted unit 6 via
short-range communication. If no masticatory movement
expected in daily life has been detected, the mobile phone 10
judges that there is a possibility of an abnormality, and
makes an automatic phone call to a mobile phone of a
member of family of the watching-target person or the like
who lives remotely and has been registered in advance, and
when an answer to the phone call is received, the mobile
phone 10 notifies him/her to that effect in a form of an
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automatic voice message. Further, the mobile phone 10
receives information regarding presence/absence of voice of
the watching-target person detected by the headset function
of the ear-mounted unit 6. In a case where there is no voice
detected within a predetermined period of time, or in a case
where a signal of voice conveying urgency, such as a
scream, has been detected, the mobile phone 10 judges that
there is a possibility of an abnormality, and makes an
automatic phone call to the mobile phone of the member of
family of the watching-target person or the like who lives
remotely and has been registered in advance, and when an
answer to the phone call is received, the mobile phone 10
issues a notification to that effect.

Here, in a case where masticatory movement expected in
daily life is detected, too, the mobile phone 10 makes an
automatic phone call to the mobile phone of the member of
family of the watching-target person or the like who lives
remotely, and when an answer to the phone call is received,
the mobile phone 10 notifies him/her to the effect that there
is no abnormality occurring as an automatic voice message.
Further, based on detection of a normal voice of the watch-
ing-target person, too, the mobile phone 10 makes an
automatic phone call to the member of family of the watch-
ing-target person or the like who lives remotely as necessary,
and when an answer to the phone call is received, the mobile
phone 10 notifies him/her to the effect that there is no
abnormality occurring in the form of an automatic voice
message. This makes it possible for the member of family of
the watching-target person or the like who lives remotely to
know that the watching-target person regularly has three
meals a day, and presence of conversation that the watching-
target person is expected to usually have or a state of voice
to be regularly uttered in a previously set time zone (for
example, conversation in daily shopping, daily sutra chant-
ing), and to rest reassured knowing that the watching-target
person is all right. In this case, however, the mobile phone
10 makes an automatic phone call even when the watching-
target person does not intend to, and thus contents of such
conversations are to be undesirably heard by the member of
family of the watching-target person or the like who lives
remotely. Even though it is his or her own family member
that hears the contents of such conversations, this is not
desirable to the watching-target person in terms of privacy,
and thus, as will be described later, what is notified is just
whether or not voice has been uttered so that the contents of
a conversation cannot be heard.

FIG. 2 is a block diagram illustrating a detailed configu-
ration of the first embodiment of the present invention
illustrated in FIG. 1. Such elements in FIG. 2 having
counterparts in FIG. 1 are given the same reference numbers
as their counterparts, and descriptions thereof will be omit-
ted unless necessary. The in-home monitoring unit 8, which
is configured as illustrated in FIG. 1, includes a power
supply unit 20 which supplies power to the entire in-home
monitoring unit 8. The power supply unit 20 receives power
from a household power supply in the home 2.

On the other hand, as illustrated in FIG. 2, the mobile
phone 10 includes a mobile phone function unit 22 to
perform phone communication by means of an antenna 24
via a wireless telephone network. A short-range communi-
cation unit 26 communicates with the short-range commu-
nication units 36 and 12 of the ear-mounted unit 6 and the
in-home monitoring unit 8, respectively. A GPS unit 28
detects a location of the watching-target person wearing the
ear-mounted unit 6 when he/she is out, and communicates
with the mobile phone of the member of family of the
watching-target person or the like who lives remotely or
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with the watching-service provider, who have been
described above, to thereby provide them with information
of the location of the watching-target person. A control unit
30 performs entire control of the entire mobile phone 10,
which includes the mobile phone function unit 22, the
short-range communication unit 26, and the GPS unit 28. A
storage unit 32 stores therein a program necessary for the
control performed by the control unit 30, and also, tempo-
rarily stores therein various pieces of data related to the
control, etc. A power supply unit 34 includes a rechargeable
storage battery, and supplies power to the entire mobile
phone 10. In FIG. 2, for simplicity, such ones of the
components of the mobile phone 10 as are typically included
in mobile phones, such as a large-sized touch-panel liquid
crystal display unit, a microphone, a speaker, a proximity
sensor, and an inner camera, are not illustrated.

As illustrated in FIG. 2, the ear-mounted unit 6 includes
the short-range communication unit 36, which performs
short-range communication with the short-range communi-
cation unit 26 of the mobile phone 10 and the short-range
communication unit 12 of the in-home monitoring unit 8. A
mastication sensor 38 detects movement of the tragus, etc.,
or deformation of the external auditory canal of the watch-
ing-target person, caused by masticatory movement of the
watching-target person, and thereby detects presence/ab-
sence of mastication of the watching-target person. The
mastication sensor 38 includes, for example, a strain gage,
a piezoelectric element, or the like. When a masticatory
movement is detected, a control unit 40 notifies the mobile
phone 10 to that effect through the short-range communi-
cation unit 36 and the short-range communication unit 26. If
no masticatory movement expected in daily life is detected,
the control unit 40 judges that there is a possibility of an
abnormality, and, by means of the short-range communica-
tion unit 36, notifies the mobile phone 10 and the in-home
monitoring unit 8 to that effect through the short-range
communication unit 26 and the short-range communication
unit 36, respectively.

The ear-mounted unit 6 includes a cartilage conduction
vibration source 42 (which is, for example, a piezoelectric
bimorph element), which vibrates in accordance with a voice
signal of a call partner received from the mobile phone 10
via short-range communication, and this vibration is trans-
mitted to an ear cartilage in contact with the ear-mounted
unit 6, and this makes it possible to hear the voice of the
phone call partner by cartilage conduction, which will be
described later. A bone conduction microphone 44 catches
bone-conducted own voice of the watching-target person
and transmits a voice signal of the own voice to the mobile
phone 10 via short-range communication, and this enables
conversations to be conducted. In this manner, the ear-
mounted unit 6 functions as a headset for the mobile phone
10. An air conduction sound microphone 46 catches an
air-conducted voice of an outside conversation partner
located close to the watching-target person to obtain a voice
signal of the conversation partner, which makes the cartilage
conduction vibration source 42 vibrate. In this manner, the
ear-mounted unit 6 also independently functions as a hearing
aid. The control unit 40 controls the ear-mounted unit 6 also
with respect to the head-set and hearing-aid functions. In the
headset function, as described above, the bone conduction
microphone 44 also functions as a voice sensor for watching
whether or not the watching-target person utters voice
expected in daily life. A power supply unit 48, which
includes a rechargeable storage battery, supplies power to
the entire ear-mounted unit 6.
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Now, cartilage conduction will be explained. Cartilage
conduction is a phenomenon discovered by the present
inventors, and denotes the phenomenon in which vibration
conducted to the cartilage around an entrance part of the
external auditory canal, such as that in the tragus, makes the
surface of an external-auditory-canal cartilaginous part
vibrate, producing air-conducted sound inside the external
auditory canal. The air-conducted sound produced inside the
external auditory canal travels on deeper into the external
auditory canal and reaches the tympanic membrane. Thus,
the greater part of the sound heard by cartilage conduction
is the sound heard via the tympanic membrane. Here,
however, the sound heard via the tympanic membrane is not
ordinary air-conducted sound, i.e., sound that has entered the
external auditory canal from outside, but air-conducted
sound that is produced inside the external auditory canal.

FIG. 3 is a sectional view of an ear for illustrating the
phenomenon of cartilage conduction mentioned just above,
and illustrates a relationship between the structure of an ear
4 and the ear-mounted unit 6 used in the present invention.
Arrows 52 indicate transmission routes of vibration of the
ear-mounted unit 6 which is made to vibrate by the cartilage
conduction vibration source 42. Vibration generated from
the ear-mounted unit 6 is, as indicated by the arrows 52, first
conducted from a contact part to a cartilage 54 around the
entrance part of the external auditory canal. The vibration of
the cartilage 54 generates, from its surface (the external-
auditory-canal cartilaginous part), air-conducted sound
inside the external auditory canal. Then the air-conducted
sound travels on deeper into the external auditory canal and
reaches a tympanic membrane 50 via an external auditory
canal osseous part 56. Here, as indicated by an arrow 58
(which indicates a route of ordinary audible sound), air-
conducted sound from outside enters the external auditory
canal via the hole 6a of the ear-mounted unit 6, and reaches
the tympanic membrane 50. This contributes to comfortable
wear of the ear-mounted unit 6 without a feeling of blockage
in the external auditory canal.

FIG. 4 is a graph illustrating an example of measured data
showing an effect of cartilage conduction. The graph of FIG.
4 illustrates, in relation to frequency, sound pressure within
the external auditory canal at a position 1 cm inside from the
entrance part of the external auditory canal when, without
contact with a helix, a surface of an outer wall of a vibration
body that is caused to vibrate by a cartilage conduction
vibration source is brought into contact with at least part of
ear cartilage around the entrance part of the external audi-
tory canal. In the graph, a vertical axis indicates sound
pressure (in dBSPL), and a horizontal axis indicates fre-
quency on a logarithmic scale (in Hz). In terms of contact
pressure relationship between the surface of the outer wall of
the vibration body and the cartilage around the entrance part
of the external auditory canal, the graph uses a solid line to
illustrate the sound pressure during a non-contact state (in a
state where only air-conducted sound generated from the
surface of the outer wall of the vibration body can be heard),
a short dashed line to illustrate the sound pressure under a
contact pressure of 10 grams, a single-dotted chain line to
illustrate the sound pressure under a contact pressure of 250
grams, and a double-dotted chain line to illustrate the sound
pressure under a contact pressure of 500 grams. As illus-
trated in the figure, the sound pressure increases as the
contact pressure is increased from the non-contact state to
the 10-gram contact pressure, and further increases as the
contact pressure is increased to 250 grams, and then, the
sound pressure increases even more as the contact pressure
is further increased to 500 grams.

20

25

40

45

8

As can be readily understood from the graph of FIG. 4,
when the surface of the outer wall of the vibration body is
brought into contact with at least part of the ear cartilage
around the entrance part of the external auditory canal
without contacting the helix, the sound pressure at the
position 1 cm inside from the entrance part of the external
auditory canal increases by at least 10 dB in a main
frequency range of voice (500 Hz to 2,300 Hz), compared to
in the non-contact state. (See and compare the non-contact
state indicated by the solid line with the state indicated by
the single-dotted chain line.)

As can also be readily understood from the graph of FIG.
4, when the surface of the outer wall of the vibration body
is brought into contact with at least part of the ear cartilage
around the entrance part of the external auditory canal
without contacting the helix, the sound pressure at the
position 1 cm inside from the entrance part of the external
auditory canal changes by at least 5 dB in the main fre-
quency range of voice (500 Hz to 2,500 Hz) as the contact
pressure changes. (See and compare the slightly contacting
state indicated by the short-dashed line with the state indi-
cated by the single-dotted chain line).

As is clear from the above description, even when the
ear-mounted unit 6 does not have a structure for generating
air-conducted sound (such as a vibration plate included in
typical earphones), it is possible to obtain sufficient sound
pressure by transmitting vibration of the cartilage conduc-
tion vibration source 42 to the ear cartilage by bringing the
cartilage conduction vibration source 42 into contact with
the ear cartilage. As is also clear from the above description,
since there is no need of providing a structure for generating
air-conducted sound, the ear-mounted unit 6 can be formed
in a ring shape having the hole 6a, for example, and this
makes it possible to hear outside sound through the hole 6a
even when the ear-mounted unit 6 is mounted to an ear, and
this contributes to comfortable wear of the ear-mounted unit
6 without a feeling of blockage in the external auditory
canal.

Further, as can be readily understood from the graph of
FIG. 4, when the entrance part of the external auditory canal
is closed by bringing the surface of the outer wall of the
vibration body into firm contact with at least part of the ear
cartilage (the data of FIG. 4 was actually obtained by
measurement performed in a state where the entrance of the
external auditory canal was closed with the tragus bent with
the surface of the outer wall of the vibration body pressed
against the tragus from outside), the sound pressure at the
position 1 cm inside from the entrance portion of the
external auditory canal increases by at least 20 dB in the
main frequency range of voice (300 Hz to 1800 Hz). This is
caused by the occlusion effect. (See and compare the non-
contact state indicated by the solid line with the state where
the external auditory canal is closed indicated by the double-
dotted chain line).

The measurement results of which are illustrated in FIG.
4 was all conducted under a constant output of the cartilage
conduction vibration source. Regarding FIG. 4, for the
measurement conducted with the surface of the outer wall of
the vibration body contacting at least part of the ear cartilage
around the entrance part of the external auditory canal
without contacting the helix, the surface of the outer wall of
the vibration body was brought into contact with at least part
of the ear cartilage from outside of the tragus. Also, for the
measurement conducted with the external auditory canal
closed, the closed state of the external auditory canal was
brought about by pressing the tragus from outside so strong
as to bend the tragus as described above.
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In the first embodiment, the occlusion effect as described
above can be achieved by closing the hole 6a and increasing
the contact pressure of the ear-mounted unit 6 against the
cartilage by pushing the ear-mounted unit 6 with a finger
placed over the hole 64. Or, instead, the occlusion effect can
be achieved by covering the entire ear 4 with a palm. Thus,
clearly, in the first embodiment, too, it is possible to hear a
larger sound by closing the hole 6a with a finger or entirely
covering the ear with a palm.

The measurement graph of FIG. 4 is merely an example;
upon further scrutiny, there are individual differences. Also,
for simplification and standardization of the phenomenon,
the values illustrated in the measurement graph of FIG. 4
were obtained through measurement performed in a state
where the surface of the outer wall of the vibration body was
in contact only with a small surface area of the outside of the
tragus. However, increase in sound pressure caused by the
contact with the cartilage also depends on the area of the
contact, and in a case where the surface of the outer wall is
in contact with the ear cartilage around the entrance part of
the external auditory canal without contacting the helix, the
increase in sound pressure is further elevated when the
surface of the outer wall of the vibration body is in contact
with a portion of the cartilage wider than around the entrance
part of the external auditory canal. In consideration of the
above facts, the values illustrated in the measurement graph
of FIG. 4 have generality in illustrating the configuration
making use of cartilage conduction, and can be reproduced
by many and unspecified subjects. Further, the measurement
graph of FIG. 4 was drawn by plotting the values obtained
by the measurement conducted with the tragus being pressed
from the outside in closing the entrance part of the external
auditory canal to thereby increase the contact pressure and
fold the tragus over, but similar results can be obtained also
in a case where the outer wall of the vibration body is
pressed into the entrance part of the external auditory canal
to close the external auditory canal.

FIG. 5 is a flowchart illustrating a function of the control
unit 40 of the ear-mounted unit 6 in the watching system of
the first embodiment. The flow starts when the ear-mounted
unit 6 connected to an unillustrated charger for charging is
disconnected from the charger. When the flow starts, in Step
S2, it is checked whether or not pairing for short-range
communication with the mobile phone 10 has been set, and
when no pairing is found to have been set, pairing is
automatically set. Next, in Step S4, the air conduction
microphone 46 and the bone conduction microphone 44 are
turned on. Thereby, the ear-mounted unit 6 starts to function
as a hearing aid, and also the bone conduction microphone
44 is brought into a standby state in which it stands by for
detection of voice of the watching-target person. Here,
although omitted in the flow, the mastication sensor 38 is
constantly in an ON state from the start to an end of the flow
and in a standby state in which it stands by for detection of
mastication.

Next, in Step S6, it is checked whether or not the
mastication sensor 38 has detected a masticatory movement.
When a mastication movement is found to have been
detected, the process proceeds to Step S8, where a detection
signal is transmitted to the mobile phone 10 via short-range
communication, and then the process proceeds to Step S12.
On the other hand, when no mastication movement is found
to have been detected in Step S6, the process proceeds
directly to Step S12.

In Step S12, it is checked whether or not the bone
conduction microphone 44 has detected voice of the watch-
ing-target person. When voice of the watching-target person
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is found to have been detected, the process proceeds to Step
S14, and a detected voice signal is transmitted to the mobile
phone 10 via the short-range communication, and mean-
while, in Step S16, the detected voice signal is transmitted
to the in-home monitoring unit 8 via the short-range com-
munication. Although the steps from Step S12 to Step S16
are illustrated in a simplified manner, in these steps, actually,
for a predetermined period of time (10 seconds, for example)
after voice starts to be detected by the bone conduction
microphone 44, the voice signal continues to be transmitted
from the bone conduction microphone 44 simultaneously to
the mobile phone 10 and the in-home monitoring unit 8. At
this time, even when the voice continues to be detected for
a predetermined period of time or longer, the transmission is
stopped as soon as the predetermined period of time elapses,
whereas even though the voice disappears before the pre-
determined period of time elapses, the transmission of
output of the bone conduction microphone 44 continues to
be performed until the predetermined period of time elapses.
The above-described transmission of the voice signal con-
tinued for a predetermined period of time through the steps
from Step S12 to Step S16 is finished, the process proceeds
to Step S20. On the other hand, when no voice signal is
detected in Step S12, the process proceeds directly to Step
S20.

In Step S20, it is checked whether the watching-target
person has operated the mobile phone 10 to make a phone
call and the other party has answered the phone call, or
whether there has been an external incoming call received
by the mobile phone 10 and the watching-target person has
operated the mobile phone 10 to answer the incoming call.
If whichever of the above is found to have occurred, the
process proceeds to Step S22, where the air conduction
microphone 46 is turned off and the bone conduction micro-
phone 44 is maintained in an on state, and then the process
proceeds to Step S24. Thereby, the ear-mounted unit 6 starts
to function as a headset for the mobile phone 10, and
prevents ambient noise from being picked up by the air
conduction microphone 46 to disturb the phone call.

In Step S24, it is checked whether the phone call started
in Step S20 has been ended by hanging-up of the phone.
Then, when it is detected that the phone call has been ended,
the process proceeds to Step S26, where the air conduction
microphone 46 is turned on and the bone conduction micro-
phone 44 is maintained in an on state, and the process
proceeds to Step S28. Thereby, the ear-mounted unit 6 starts
to function as a hearing aid again, and the bone conduction
microphone 44 is maintained in the standby state in which
it stands by for detection of voice of the watching-target
person. On the other hand, when it is found that the phone
call has not been ended yet in Step S24, the Step S24 is
repeated until end of the phone call is detected. Further, in
a case where, in Step S20, neither making a phone call and
answering the phone call nor receiving a phone call and
answering the phone call is detected, the process proceeds
directly to Step S28.

In Step S28, it is checked whether the storage battery of
the power supply unit 48 has been exhausted. When the
storage battery is found not to have been exhausted, the
process proceeds to Step S30, where it is checked whether
the ear-mounted unit 6 has been connected to the charger,
which is not illustrated, to be charged. This step is provided
to deal with a case of removing the ear-mounted unit 6 from
the year 4 to be charged even though the storage battery has
not been exhausted. When connection for charging is
detected in Step S30, the process proceeds to Step S32,
where ending processing is performed to end the flow. This
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is significant in that this helps prevent the ear-mounted unit
6 from being maintained in an operation state by mistake
when it is removed from the ear 4 and thus its watching
function is disabled. On the other hand, when no connection
for charging is detected in Step S30, the process returns to
Step S6 to repeat the steps from Step S6 to Step S30 until the
storage battery becomes exhausted or connection is achieved
for charging, and the ear-mounted unit 6 maintains, as
necessary, its hearing-aid function, watching function, and
headset function for the mobile phone 10. Here, in a case
where it is detected in Step S28 that the storage battery has
been exhausted, too, the process proceeds to Step S32,
where the ending processing is performed to end the flow.

FIG. 6 is a flowchart illustrating a function of the control
unit 30 of the mobile phone 10 in the first embodiment. Note
that FIG. 6 illustrates the flow by extracting operations of
functions related to watching, and thus in the mobile phone
10, the control unit 30 has operations that are not described
in the flow of FIG. 6, such as operations related to a normal
mobile phone function of the mobile phone 10. A hardware
configuration itself of the mobile phone 10 is one that is
typically adopted in mobile phones, and the functions
extracted in FIG. 6 are installed in the ear-mounted unit 6 as
accessory software.

The flow of FIG. 6 starts when a power switch of the
mobile phone 10 is turned on, and in Step S42, a normal
mobile phone mode is set. Next, in Step S44, a check is
performed for a state of pairing for the short-range commu-
nication with the ear-mounted unit 6. When the pairing is
found to have been achieved, watching can be performed by
the mobile phone 10 in cooperation with the ear-mounted
unit 6, and thus the process proceeds to Step S46.

In Step S46, it is checked whether or not a new mastica-
tion detection signal has been received from the ear-
mounted unit 6, and when it is found that there has been
reception of a new mastication detection signal, the process
proceeds to Step S48, where an e-mail notifying that the
watching-target person is safe is automatically transmitted to
a mobile phone of the member of family of the watching-
target person or the like who lives remotely and has been
registered in advance. Further, it may be set in advance that
in Step S48, instead of sending an e-mail, an automatic
phone call is made to the mobile phone of the member of
family of the watching-target person or the like who lives
remotely and has been registered in advance, and on recep-
tion of a response from the mobile phone, an automatic
voice message is transmitted to notify him/her that the
watching-target person is safe. It is also possible to set such
that both an e-mail and a phone call are to be sent and made.
As for detecting mastication, which basically takes place
three times a day and thus can be regarded as not too often,
each time a mastication detection signal is detected, the
member of family of the watching-target person or the like
who lives remotely is notified that the watching-target
person is safe and thereby reassured. Here, in a case where
the member of family of the watching-target person or the
like who lives remotely feels annoyed by such safety noti-
fications, it is possible to set in advance such that Step S48
will be omitted.

Next, the process proceeds to Step S50, where reception
history of mastication detection signals stored in the storage
unit 32 is updated, together with time and date information,
based on the reception of the new mastication detection
signal, and a GPS signal at that time point is also stored in
the storage unit 32, and then the process proceeds to Step
S52. On the other hand, when reception of a mastication
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detection signal has not been able to be confirmed in Step
S46, the process proceeds directly to Step S52.

In Step S52, based on the reception history stored in the
storage unit 32, it is checked whether or not there has been
reception of a new mastication detection signal within a
predetermined period of time after the reception of the
preceding mastication detection signal. When it is found that
there has not been reception of a new mastication detection
signal within the predetermined period of time, the process
proceeds to Step S54, where an automatic phone call is made
to the mobile phone of the member of family of the
watching-target person or the like who lives remotely and
has been registered in advance, and on reception of a
response to the phone call, an automatic voice message is
transmitted to the effect that there is a possibility of an
abnormality, and the process proceeds to Step S56. Further,
in Step S54, another automatic voice message is transmitted
to notify a current location of the watching-target person
based on GPS information obtained then. On the other hand,
in Step S52, when it is confirmed from the reception history
that there has been reception of a new mastication detection
signal, the process proceeds to Step S56.

In Step S56, it is checked whether or not there has been
reception of a voice signal picked up by the bone conduction
microphone 44 of the ear-mounted unit 6. When it is found
that there has been reception of such a voice signal, the
process proceeds to Step S58, where it is checked whether
or not the received voice is a scream or begging for help
(urgency) based on recognized contents of the voice signal
(such as words included in the voice signal), intensity of the
voice signal, a tone pattern, etc. When there is a high
possibility that the voice is a scream or begging for help
(when it is judged that it is a highly urgent situation), the
process proceeds to Step S60, where an automatic phone call
is made to the mobile phone of the member of family of the
watching-target person or the like who lives remotely and
has been registered in advance, and on reception of a
response to the phone call, the received voice itself is
transmitted to the mobile phone, and then the process
proceeds to Step S62. On the other hand, when, in Step S58,
it is judged that the received voice is not a scream or begging
for help but merely voice of an ordinary conversation (of
low urgency), the process proceeds directly to Step S62.

In Step S62, it is checked whether or not the received
voice signal has been received in a time zone (for example,
atime zone when the watching-target usually goes shopping,
a time zone when the watching-target person usually chants
a sutra) previously set based on a regular life pattern. When
the result of the check is in the affirmative, the process
proceeds to Step S64, where an e-mail is automatically
transmitted to the mobile phone of the member of family of
the watching-target person or the like who lives remotely
and has been registered in advance to notify him/her that the
watching-target person is safe, and the process proceeds to
Step S66. On the other hand, in Step S62, when the received
voice signal is found not to have been received in the
previously set time zone, the process proceeds directly to
Step S66. Here, a setting same as in Step S48 is also
possible, that is, instead of or together with an e-mail, an
automatic phone call may be made and automatic voice
message may be transmitted. Further, in a case where the
member of family of the watching-target person or the like
who lives remotely feels annoyed by such safety notifica-
tions, it is possible to set in advance such that Steps S62 and
S64 will be omitted. The message to be transmitted in Step
S64 is not the voice signal actually picked up by the bone
conduction microphone 44, but a message notifying merely
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the fact that there has been reception of a voice signal. Thus,
in contrast to in Step S60, contents of conversation of the
watching-target person are not heard and thus privacy of the
watching-target person is preserved.

In Step S66, reception history of voice signals stored in
the storage unit 32 is updated, together with time and date
information, based on the reception of the new voice signal,
and a GPS signal at that time point is also stored in the
storage unit 32, and then the process proceeds to Step S68.
On the other hand, in a case where reception of a voice
signal picked up by the bone conduction microphone 44 has
not been confirmed in Step S56, the process proceeds
directly to Step S68.

In Step S68, based on the reception history stored in the
storage unit 32, it is checked whether or not there has been
reception of a new voice signal within a predetermined
period of time after the reception of the preceding voice
signal. When there has been no reception of a new voice
signal within the predetermined period of time, the process
proceeds to Step S70, where an automatic phone call is made
to the mobile phone of the member of family of the
watching-target person or the like who lives remotely and
has been registered in advance, and on reception of a
response to the phone call, an automatic voice message is
transmitted to the effect that there is a possibility of an
abnormality, and then the process proceeds to Step S72. In
Step S70, too, another automatic voice message is transmit-
ted to notify a current location of the watching-target person
based on GPS information obtained then. On the other hand,
when it is confirmed in Step S68 that there has been
reception of a new voice signal within the predetermined
period of time, the process proceeds directly to Step S72.
Here, in a case where setting of pairing with the ear-mounted
unit 6 is not confirmed in Step S44, the process proceeds
directly to Step S72, the steps for watching are not per-
formed, and the mobile phone 10 functions as an ordinary
mobile phone.

In Step S72, it is checked whether or not the storage
battery of the power supply unit 34 has been exhausted.
When the storage battery is found not to have been
exhausted, the process returns to Step S44, and then, the
steps from Step S44 to Step S 72 are repeated until exhaus-
tion of the storage battery is detected, such that the mobile
phone 10 deals with various situations in watching. On the
other hand, in a case where, in Step S72, the storage battery
is found to have been exhausted, the process proceeds to
Step S74, where ending processing is performed to end the
flow.

FIG. 7 is a flowchart illustrating a function of the control
unit 16 of the in-home monitoring unit 16 in the first
embodiment. The flow starts when the in-home monitoring
unit 8 is placed and connected to the household power
supply or the power supply of the in-home monitoring unit
8 is turned on. Then, in Step S82, always-on connection to
the Internet is automatically set for communication with the
watching service provider, and an automatic test is per-
formed to check cooperation, such as the short-range com-
munication, with the ear-mounted unit 6, and the process
proceeds to Step S84.

In Step S84, it is checked whether or not the state of the
short-range communication with the ear-mounted unit 6 has
been shifted from an enabled state to a disabled state. This
is equivalent to checking whether or not the watching-target
person has gone out into a range where the short-range
communication is not available. When such shift of the state
is found not to have taken place, the process proceeds to Step
S86, where it is checked whether or not the state of the
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short-range communication with the ear-mounted unit 6 has
shifted from the disabled state to the enabled state. This is
equivalent to checking whether or not the watching-target
person has come back into the short-range communication
range. When such shift of the state is found to have taken
place, the process proceeds to Step S88, where an e-mail is
automatically transmitted to the mobile phone of the mem-
ber of family of the watching-target person or the like who
lives remotely and has been registered in advance to notify
him/her that the watching-target person has come home.

Further, in Step S90, automatic short-range communica-
tion is performed with the mobile phone 10, and processing
is performed to confirm that the state of short-range com-
munication has been shifted back into the state of system
configuration as illustrated in FIG. 2. This processing is
performed because it can be presumed that when the watch-
ing-target person is out, the mobile phone 10 is carried by
him/her into a range where the short-range communication
is not available. In Step S90, if by any chance it cannot be
confirmed that the short-range communication is possible
with the mobile phone 10, notification to that effect is issued
to the watching service provider and to the mobile phone of
the member of family of the watching-target person or the
like who lives remotely.

In Step S90, further, a cross check of the history of
reception from the ear-mounted unit 6 and information
exchange are performed between the storage unit 18 of the
in-home monitoring unit 8 and the storage unit 32 of the
mobile phone 10 to match the information in the storage unit
18 and the information in the storage unit 32 with each other.
This is applicable mainly to a case where the watching-target
person is out and the in-home monitoring unit 8 cannot
receive signals from ear-mounted unit 6, during which
information cannot be received from the in-home monitor-
ing unit 8 and thus information is received from the mobile
phone 10 instead. This helps prevent inconvenience of, for
example, the in-home monitoring unit 8 erroneously recog-
nizing an abnormal state without any signal transmission
from the ear-mounted unit 6 for a predetermined period of
time or longer, although there has been a transmission of a
signal from the ear-mounted unit 6. The function of match-
ing information in the two storage units by the cross check
as described above is also useful as a measure to deal with
a case where the storage battery of the mobile phone 10 has
been exhausted when the mobile phone 10 is in the home 2
and thus information is not received from the ear-mounted
unit 6 until the storage battery is recharged.

When the processing in Step S90 is completed, the
process proceeds to Step S92, where it is checked whether
or not there has been reception of a new mastication detec-
tion signal from the ear-mounted unit 6. When it is found
that there has been reception of a new mastication detection
signal, the process proceeds to Step S94, where reception
history of mastication detection signals stored in the storage
unit 18 is updated, together with time and date information,
based on the reception of the new mastication detection
signal, and the process proceeds to Step S96. On the other
hand, when reception of a new mastication detection signal
has been unable to be confirmed in Step S92, the process
proceeds directly to Step S96.

In Step S96, based on the reception history stored in the
storage unit 18, it is checked whether or not there has been
reception of a new mastication detection signal within a
predetermined period of time after the reception of the
preceding mastication detection signal. When there is no
reception of a new mastication detection signal within the
predetermined period of time, the process proceeds to Step
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S98, where an automatic notification is issued to the watch-
ing service provider, with whom a contract has been made
in advance, to the effect that there is a possibility of an
abnormality, and then the process proceeds to Step S100. On
the other hand, when it is confirmed, in Step S96, from the
reception history of mastication detection signals, that there
has been reception of a new mastication detection signal
within the predetermined period of time, it is judged that
there is no abnormality occurring, and the process proceeds
directly to Step S100.

In Step S100, it is checked whether or not there has been
reception of a voice signal picked up by the bone conduction
microphone 44 of the ear-mounted unit 6. When it is found
that there has been reception of such a voice signal, the
process proceeds to Step S102, where it is checked whether
or not the received voice is a scream, a cry for help, or the
like, based on identification of voice in the contents (words
and the like included therein) of the voice signal, intensity
pattern, tone, and the like of the voice signal, etc. When there
is a high possibility that the voice is a scream or a cry for
help, the process proceeds to Step S104, where the received
voice itself is transferred to the watching-service provider,
and the process proceeds to Step S106. On the other hand,
when, in Step S102, it is judged that the received voice is
neither a scream nor a cry for help, but voice of an ordinary
conversation, the process proceeds directly to Step S106.

In Step S106, reception history of voice signals stored in
the storage unit 18 is updated, together with time and data
information, based on the reception of the new voice signal,
and the process proceeds to Step S108. On the other hand,
when reception of a voice signal picked up by the bone
conduction microphone 44 has not been confirmed in Step
S100, the process proceeds directly to Step S108.

In Step S108, based on the reception history of voice
signals stored in the storage unit 18, it is checked whether or
not there has been reception of a new voice signal within a
predetermined period of time after the reception of the
preceding voice signal. When it is found that there has been
no reception of a new voice signal within the predetermined
period of time, the process proceeds to Step S110, where an
automatic notification is issued to the watching service
provider to the effect that there is a possibility of an
abnormality, and then the process proceeds to Step S112. On
the other hand, when it is confirmed in Step S108 that there
has been reception of a new voice signal within the prede-
termined period of time based on the reception history, the
process proceeds directly to Step S112. Here, when it is
detected in Step S84 that the state of the short-range com-
munication with the ear-mounted unit 6 has been shifted
from an enabled state to a disabled state, the process
proceeds to Step S114, where an e-mail is automatically
transmitted to the mobile phone of the member of family of
the watching-target person or the like who lives remotely
and has been registered in advance to notify him/her that the
watching-target person has gone out, and then the step
proceeds to Step S112. In this case, since it is impossible to
receive signals from the ear-mounted unit 6 and thus to
perform watching, the mobile phone 10 that the watching-
target person carries is charged with execution of the watch-
ing function, and the in-home monitoring unit 8 does not
executes the watching function.

In Step S112, it is checked whether or not power of the
in-home monitoring unit 8 has been turned off. Turning off
of the power of the in-home monitoring unit 8 includes
power-supply disconnection caused by power failure or the
like. When it is found that there has been no turning off of
the power, the process returns to Step S84, and then the steps
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of from Step S84 to Step S114 are repeated as long as the
power is not turned off, and the in-home monitoring unit 8
deals with various situations in watching. On the other hand,
when turning off of the power is detected in Step S112, the
process proceeds to Step S116, where ending processing is
performed to end the flow.

Second Embodiment

FIG. 8 is a diagram illustrating a system configuration of
a second embodiment according to an aspect of the present
invention. According to the second embodiment, a watching
system for watching inside a home includes an eyeglass type
ear-mounted unit 106. The other features are the same as the
first embodiment illustrated in FIGS. 1 and 2, and thus the
common features are denoted by the same reference numer-
als and overlapping descriptions thereof will not be
repeated. In FIG. 8, for the sake of simplicity, a home 2 and
an in-home monitoring unit 8 are not illustrated, but con-
figurations thereof are common to those of the first embodi-
ment described in FIGS. 1 and 2.

According to the present invention, a cartilage conduction
vibration source, a bone conduction microphone, and a
mastication sensor can each be formed with a piezoelectric
element, and thus, one piezoelectric element can serve as a
cartilage conduction vibration source, a bone conduction
microphone, and a mastication sensor. In the second
embodiment illustrated in FIG. 8, a piezoelectric bimorph
element 142 which serves as a cartilage conduction vibration
source, a bone conduction microphone, and a mastication
sensor are formed in such part of a temple of eyeglasses as
is laid on a cartilage in a base of an ear 4 when the eyeglasses
are worn. With this configuration, vibration of the piezo-
electric bimorph element 142 is conducted to the cartilage at
the base of the ear 4 to cause cartilage conduction. Further,
voice by bone conduction is picked up by the piezoelectric
bimorph element 142. Further, movement caused by masti-
cation in part close to the base of the ear 4 is also detected
by the piezoelectric bimorph element 142. In using the
piezoelectric bimorph element 142 for the plurality of func-
tions, extraction and separation of signals fed to and out-
putted from the piezoelectric bimorph element 142 are
achieved by means of signal processing performed by a
control unit 140. When the piezoelectric bimorph element
142 is used for the plurality of functions, an air conduction
microphone 46, which is originally provided for the purpose
of picking up voice of a conversation partner for the function
of hearing aid, is used to pick up voice of a watching-target
person himself or herself by air conduction, and the picked
up voice is used as information for the extraction and
separation of signals fed to and outputted from the piezo-
electric bimorph element 142. In the second embodiment,
too, the entrance of an external auditory canal is left open,
and thus it is possible to hear external sound and to achieve
comfortable wear of an ear-mounted unit 106 without a
feeling of blockage in the external auditory canal. Further,
by closing the entrance of the external auditory canal with a
finger or completely covering the ear 4 with a palm, it is
possible to obtain the occlusion effect in cartilage conduc-
tion, to thereby hear a larger sound.

The various features of the embodiments described above
can be implemented not only in those specific embodiments
but also in any other embodiment so long as they provide
their advantages. Moreover, the various features of the
embodiments can be implemented with various modifica-
tions. Modified features can be implemented in appropriate
combinations with each other and with unmodified features.
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For example, in the configuration of the first embodiment,
one piezoelectric bimorph element may be used for the
functions of the cartilage conduction vibration source, the
bone conduction microphone, and the mastication sensor as
in the second embodiment. Or, conversely, in the second
embodiment, the cartilage conduction vibration source, the
bone conduction microphone, and the mastication sensor
may be formed as optimum separate elements to be opti-
mally disposed at scattered positions.

Further, in the above embodiments, a bone conduction
microphone is adopted to pick up voice of a watching-target
person, but an air-conducted sound microphone may be used
for this purpose (for example, the air conduction micro-
phone 46 serving for this purpose, t00).

Conclusive Descriptions

The following is conclusive descriptions of the features of
the embodiments disclosed herein.

According to one embodiment disclosed herein, there is
provided a watching system including a watching detection
device and a watching notification device.

The watching detection device has a cartilage conduction
vibration source and a watching detection sensor, and is
mountable to an ear with an entrance of an external auditory
canal open. The watching notification device receives
watching information from the watching detection sensor by
performing short-range communication with the watching
detection device. This contributes to comfortable wear of the
watching detection device.

According to a specific feature, the watching detection
device has an air conduction microphone, and functions as
a hearing aid by vibrating the cartilage conduction vibration
source in accordance with a voice signal picked up by the air
conduction microphone. This makes it possible to perform
watch by using a hearing aid which is used daily. According
to another specific feature, the watching detection device
makes the cartilage conduction vibration source vibrate in
accordance with a voice signal received from the watching
notification device via short-range communication. This
makes it possible to perform watch by using a device, such
as a mobile phone, through which it is possible to hear a
voice signal received from another device.

According to another specific feature, the watching detec-
tion sensor is a masticatory movement sensor. According to
another specific feature, the watching detection sensor is a
voice sensor. For example, the voice sensor is a bone
conduction microphone or an air-conducted sound micro-
phone.

According to another specific feature, the watching noti-
fication device issues a notification when it has been impos-
sible to receive a detection signal for a predetermined period
of time.

According to another embodiment disclosed herein, there
is provided a watching system including a watching detec-
tion device, and a plurality of watching notification devices
which each receive watching information from the watching
detection device via short-range communication with the
watching detection device. The plurality of watching noti-
fication devices exchange with each other the watching
information received. This makes it possible to deal with a
missing part in the watching information received by one
watching notification device by sharing the watching infor-
mation received by the other watching notification devices,
and thus to prevent confusion from occurring among the
plurality of watching notification devices.

10

15

20

25

30

35

40

45

50

55

60

65

18

According to another embodiment disclosed herein, there
is provided a watching system including a watching detec-
tion device, and a plurality of watching notification devices
which each receive watching information from the watching
detection device via short-range communication with the
watching detection device. The plurality of watching noti-
fication devices issue different notifications based on the
watching information. This makes it possible to perform
watch in a manner suitable to each of the plurality of
watching notification devices, which are different from each
other in properties. According to a specific feature, the
plurality of watching notification devices include a mobile
phone and a notification device placed in a home.

According to another embodiment disclosed herein, there
is provided a watching system including a watching detec-
tion device having a voice sensor, and a watching notifica-
tion device that receives watching information from the
watching detection sensor via short-range communication
with the watching detection device. The watching notifica-
tion device issues a notification of whether a voice signal
picked up by the voice sensor is present, without issuing any
notification of the contents of the voice signal. This helps
protect privacy of a watching-target person. According to a
specific feature, the watching notification device makes a
judgment on urgency of the voice signal picked up by the
voice sensor, and when the urgency is high, the contents of
the voice signal is exceptionally notified. This makes it
possible to obtain a specific notification in raw voice in a
case where a scream or a cry for help has been received.

According to another embodiment disclosed herein, there
is provided a watching detection device including a cartilage
conduction vibration source and a watching detection sen-
sor, and the watching detection device is mountable to an ear
with an entrance of an external auditory canal open. This
contributes to comfortable wear of the watching detection
device.

According to a specific feature, the watching detection
device has an air conduction microphone, and functions as
a hearing aid by vibrating the cartilage conduction vibration
source in accordance with a voice signal picked up by the air
conduction microphone. According to another specific fea-
ture, the watching detection device vibrates the cartilage
conduction vibration source in accordance with a voice
signal received from the watching notification device via
short-range communication, to thereby function as a device,
such as a mobile phone, through which it is possible to hear
a voice signal received from another device.

According to another specific feature, the watching detec-
tion sensor is a masticatory movement sensor. According to
a more specific feature, the masticatory movement sensor
can serve also as the cartilage conduction vibration source.
According to another specific feature, the watching detec-
tion sensor is a voice sensor. More specifically, the voice
sensor is a bone conduction microphone. Still more specifi-
cally, the bone conduction microphone can serve also as the
cartilage conduction vibration source.

According to another specific feature, the watching detec-
tion sensor includes an air-conducted sound microphone for
a hearing aid, and the air-conducted sound microphone is
turned off when the bone conduction microphone is used.
According to another specific feature, the voice sensor is an
air-conducted sound microphone.

According to another embodiment disclosed herein, there
is provided a watching notification device having an acqui-
sition unit that acquires watching information from a voice
sensor and a notification unit that issues a notification of
whether a voice signal acquired by the acquisition unit is
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present, without issuing any notification of contents of the
voice signal. This helps protect privacy of a watching-target
person. According to a specific feature, the notification unit
makes a judgment on urgency of the voice signal picked up
by the voice sensor, and the contents of the voice signal is
notified exceptionally when the urgency is high.

INDUSTRIAL APPLICABILITY

The present invention is applicable to a watching system,
a watching detection device, and a watching notification
device.

List of Reference Signs

42 cartilage conduction vibration source
38, 44,46  watching detection sensor
6, 106 watching detection device
12, 26,36  short-range communication unit
8, 10 watching notification device
46 air conduction microphone
38 masticatory movement sensor
44, 46 voice sensor
44 bone conduction microphone
46 air-conducted sound microphone
8, 10 a plurality of watching notification devices
10 mobile phone

8 a notification device placed in a home

142 masticatory movement sensor serving also as cartilage
conduction vibration source
142 bone conduction microphone serving also as cartilage

conduction vibration source

The invention claimed is:

1. A watching detection device comprising:

a cartilage conduction vibration source configured to
transmit vibration to cartilage of an ear; and

a watching detection sensor configured to detect watching
information around the ear;

a short-range communication unit; and

an air conduction microphone, wherein

the watching detection device is mountable to the ear with
an entrance of an external auditory canal of the ear
open,

the watching detection sensor includes a bone conduction
microphone,

the short-range communication unit is operable to com-
municate with a mobile phone, and
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when the mobile phone makes a call and a response is
made to the call, or when the mobile phone receives a
call and makes a response to the call, the bone con-
duction microphone is turned on and the air conduction
microphone is turned off.

2. The watching detection device according to claim 1,
wherein

the watching detection device functions as a hearing aid

by vibrating the cartilage conduction vibration source
in accordance with a voice signal picked up by the air
conduction microphone.

3. The watching detection device according to claim 1,
wherein the short-range communication unit communicates
with a watching notification device, and

the watching detection device makes the cartilage con-

duction vibration source vibrate in accordance with a
voice signal received from the watching notification
device via the short-range communication unit.

4. The watching detection device according to claim 1,
wherein the watching detection sensor further includes a
masticatory movement sensor.

5. The watching detection device according to claim 4,
wherein the masticatory movement sensor is a strain gage.

6. The watching detection device according to claim 1,
wherein the bone conduction microphone serves also as the
cartilage conduction vibration source.

7. A watching system comprising:

the watching detection device according to claim 1; and

a watching notification device which receives watching

information from the watching detection sensor via
short-range communication with the watching detec-
tion device.

8. The watching system according to claim 7, wherein the
watching notification device issues a notification when it has
been impossible to receive a detection signal from the
watching detection sensor for a predetermined period of
time.

9. The watching system according to claim 7, wherein the
watching notification device is the mobile phone, and a
voice signal of a call partner received by the mobile phone
is transmitted, via short-range communication, to the watch-
ing detection device to vibrate the cartilage conduction
vibration source.



